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During a comparative study of the structure of the choroid 
plexus in various mammals, in association with Dr. Harvey 
Cushing a t  the Hunterian Laboratory, Johns Hopkins Univer- 
sity, I observed the presence of very prominent interstitial 
granular cells in the choroid plexus of the ox. They are especially 
numerous in the ox and are present to a less degree in the sheep 
and swine. I have failed to find any reference to these cells in 
the literature on the choroid plexus, and it is primarily to report 
them that this paper is submitted. I have included, as well, 
my observations on the structure of the epithelial layer of cells, 
in view of their now generally accepted connection with the 
secretion of cerebro-spinal fluid. 

GENERAL ARCHITECTURE 

The choroid plexus of the ox is similar in structure to  that 
of other mammals, as generally described. Tufts of blood ves- 
sels varying in size and thickness of the connective tissue coats 
are seen covered by a single layer of cuboidal cells. 

The various elements making up the choroid plexus are clearly 
differentiated in tissues fixed in formalin-bichromate solution and 
stained in Van Gieson’s. The yellowish-brown stained surface 
cuboidal cells are sharply demarcated from the red stained con- 
nective tissue which surrounds the blood vessels. In some tufts 
the connective tissue coats which form the walls of the blood 
vessels measure 0.2 mm. in thickness, while in others they form 

2% I 



222 JOHN SUNDWALL 

only a thin membrane between the vessel lumina and the surface 
cuboidal cells. Much variation exists also in the size of the 
lumina (fig. 1). 

Generally speaking, the vessels of the choroid plexus may be 
divided into two groups: 1) The vessels with the thick walls 
possess as a rule narrow lumina and have the same stmcture in 
general as do small arteries. Weigert’s stain shows a well de- 
veloped tunic% elastica interna, which in most instances is cor- 

Fig. 1 Choroicl plexus of the ox. a ,  artcry; b, vein or sinus. Microphoto- 
Tech: Bcnsley’s alcohol bichloridc bichro- graph, oc. 10, obj. 16 mm., B. R- L. 

mate solution, haematoxylin and eosin. 

rugated. Fine, waving elastic fibers may be seen in the tunica 
media, which is well developed. The fibers may be further 
traced to the cuboids1 cells and are frequently seen to form a 
basement membrane for these cells. 2) The second group of 
vessels are those with comparatively thin walls and wide lumina. 
These may be regarded as veins or sinuses. The walls are com- 
posed almost entirely of white fibrous connective tissue and 
cannot be differentiated into intima, media, and adventia, but 
are similar in structure throughout. Only here and there are 
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seen fine elastic fibers. No muscular walls can be made out 
in this second group. 

The walls contain numerous small vessels and capillaries 
(Vasa vasorum) of varying calibres. They are rich also in 
nuclear elements, such as endothelial cells, connective tissue 
cells and interstitial granule cells (fig. 1). X discussion of these 
interstitial granule cells follows that of the cuboidal surface 
cells. 

EPITHELIAL CELLS 

The epithelium forms a single layer of cuboidal cells. This 
observation agrees with those of Meek ('07) and others who de- 
scribe a single layer of cells. Luschka ( '55) ,  Findlay ('89) and 
Kolliker ('96), however, state that several layers are present. 
The cells on some tufts are more or less flattened while on other 
tufts they are found to be elongated. This condition depends 
upon the degree of distention of the vessels. Generally the epi- 
thelial layer presents on the ventricular surface an even, unin- 
terrupted surface, so closely and evenly are the cells arranged. 
Tufts are present, however, where slight indentations projecting 
basalward between the cells are seen. Thus the rounded free 
ends of the cells, in cross sections, give the epithelial layer a 
corrugated appearance. Frequently cells are seen with bipar- 
tate free ends. 

In  the ordinary fixations and stains the cytoplasm in the ma- 
jority of the epithelial cells stains evenly and compactly through- 
out. A very finely granular substance is distributed throughout 
this cytoplasm. No intracellular net work is seen. Vacuoles 
are frequently present. The nuclei vary somewhat in form. 
As a rule, they are spheric:tl. In  the more or less flattened epi- 
thelium they are oval in outline, with their long axes parallel 
to the surface of the tufts. Much chromatin is present in t,he 
nucleus although it does not stain solidly throughout, as is the 
case in many gland cells. Several large chromatin masses, as a 
rule, are seen in each nucleus surrounded by numerous finer 
granules. One or two nucleoli may be seen. These, however, 
are difficult to differentiate in the ordinary stains from the 
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larger chrornatfin masses. The nuclei occupy the central portion 
of the cells, perhaps somewhat more basalward than towards the 
free surface. Examination of many choroid plexuses does not 
reveal any marked variation to this position. I did not observe 
a nucleus compressed against the basal end of the cell, as is seen 
in many gland cells. 

For a more detailed study of the surface epithelium, choroid 
tissues were fixed in Bensley’s dcohol bichloride bichromate 
solution and formalin bichromate solution. Sections were 
stained with iron haematoxylin, copper chromehaematoxylin, 
Bensley’s (’11) neutral gentian and safranin acid violet. In all 
these stains the epithelium stands out prominently. The cell 
membrane on the surface is seen as a relatively thick line, a t  
times it appears as a double contoured line. No striations are 
seen in this cell membrane. After some fixations, where there is 
evidence that the process has not been perfect, the cell membrane 
appears as a thick margin, still retaining the original shape of 
the cell while the cytoplasm is shrunken away from it. In  such 
preparations, the impression is given that these cells have thick, 
more or less unyielding membranes. No cement substance is 
present between the cells. Secretion granules, such as are seen 
in the pancreas, parotid, lachrymal, gastric and other glands, 
are not seen in the epithelial cells of the choroid plexus. How- 
ever, after staining with neutral gentian or safranin acid vio- 
let, one finds cells which possess a few deeply stained granules 
that simulate in structure and staining characteristics the secre- 
tion granules of the above named gland cells. Such cells are 
not numerous, and the granules are only sparsely present, not 
more than one-half dozen have been counted in each cell. The 
nature of these granules has not been determined. They may 
represent nuclear substance within the cytoplasm. Occasionally 
one observes as well, large bodies near the nucleus which take 
the nuclear stain deeply. These may be interpreted as para- 
nuclei and have been observed in various cells. 

The epithelial cells possess numerous vacuoles and canaliculi. 
Others have observed vacuoles in the epithelial cells of the choroid 
plexus. Meek found fat globules in these cells in the rabbit, 
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which in prepared sections, owing to the dissolving action of the 
various preparation fluids, appeared as  vacuoles. He proved 
that these were due to the former presence of fat, by staining 
with Sudan I11 choroid cells which had not been subjected to the 
dissolving action of alcohol and xylol. Globules, or vacuoles, 
have been observed in this epithelium by Luschka, Findlay, 
Studnicka, and Galeotti, which, according to these observers, 
are evidences of the vesicular type of secretion. On the other 
hand, Pettit and Girard are prone to regard the vacuoles as 
abnormal structures due to mechanical injuries or post mortem 
changes. 

Numerous intracellular spaces were seen in my preparations 
notwithstanding that the greatest care was exercised to avoid 
mechanical injury to the cells. The tissues were removed and 
fixed almost instantly after the animal had been slaughtered, 
so that  no postmortem changes could have occurred. These 
spaces are in the form of globules or vacuoles and canaliculi. 
The vacuoles may be seen in any part of the cell, either a t  the 
base or the free margin. Occa- 
sionally a row of these oval vacuoles are seen at the base of the 
cell. 

The intracellular canalicular apparatus of Holmgren ('02), 
Bensley ('10) and others, may be seen in the cytoplasm as branch- 
ing canals which frequently can be traced to the nucleus and 
partially encompassing it. They are entirely intracellular, as 
the branches terminate within the cytoplasm (fig. 3a). 

That the finer vacuoles are cross sections of these canals is 
probable. Whether they bear any relation to the secretory ac- 
tivity of the gland, I am unable to say at the present time. 
That the larger vacuoles do not represent spaces remaining from 
dissolved fat globules is certain, for I have been unable to  dem- 
onstrate the presence of such fat globules in the epithelium of 
the choroid plexus of the ox (figs. 3, b, c ) .  

The description so far given for the epithelial cells is confined 
to those which are generally observed. Studies of numerous 
choroid plexuses, however, show various types of cells. i n  ad- 
dition to those already described, one sees in fixed preparations 

They may be round or oval. 
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cells whose cytoplasmic area is composed almost entirely of 
vacuoles. The cytoplasm is manifested only between the 
vacuoles, forming a network surrounding the spaces. In another 
type, the entire cell is seen to be enlarged. It may be two or 
three times as large as the general type. I t  bulges out and is 
rounded as a consequence of its contents (fig. 2). This type 
shows that a confluence of vacuoles has taken place. This cell 
stains faintly because of the relative decrease in the cytoplasm. 

Fig. 2 Choroid plexus of the ox. Two types of epithelial cells are seen in 
the section: large, faintly staining, distended cells; and small deeply staining 
cells, which is the type usually making up the epithelium. Microphotograph, 
oc. 10, obj. 4 mm., B. & L. Tech.: Same as 1. 

Only at the base of the cell is seen a narrow ragged zone of com- 
pact cytoplasm. In  these large vacuolated cells, no changes 
are observed, as a rule, in the form and position of the nuclei, 
which are generally centrally located; however, I have observed 
the nuclei in the apices of many of them. The large bulging 
vacuolated cells may be seen between two smaller cells whose 
cytoplasm is compact. Again they may constitute the majority 
of cells on a particular tuft or villus. 
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That these various cell types belong to the same category and 
that they represent different secretion stages of the same cell 
type is evident. 

From the study of these cells in fixed sections, one is con- 
strained to believe that the secretion of the epithelial cells of 
the choroid plexus is a vesicular one. The secretion substance 
makes its appearance at the base of the cell as minute vesicles. 
Later they are seen throughout the cytoplasm. A confluence of 
these vesicles takes place to form large vesicles. At the same 
time the cell enlarges, becomes rounded and bulges out between 
the resting cells. Then the secretion passes out into the ven- 
tricles without a break in the continuity of the cell membrane. 

a b C 

Fig. 3 Three cells, selected, showing canals and vacuoles within the cyto- 
plasm. a,  intracellular canaliculi; h and c, vacuoles. Drawing somewhat 
diagrammatic, oc. 10, obj. 1.9 mm., oil immersion, 13. & L. Tech.: Hensley’s 
alcohol bichloride bichromate solution, neutral gentian. 

That a continuous secretion is taking place is apparent from 
the fact that  all the various secretory &ages of these cells may 
be seen in one choroid plexus. One finds, however, some 
tissues in which the vacuolated cells are much more promi- 
nently present than they are in others. As a rule, the epithe- 
lium is of the general non-vacuolated cuboidal type which is 
described first. 

The processes of seeretion in the epithelial cells are in no way 
comparable to those of the duct gland cells,-salivary, pan- 
creas, lachrymal glands. Secretion granules, the antecedents of 
these granules, and nuclear changes as seen in other gland cells 
are not demonstrable in the epithelium of the choroid plexus. 
The secretion substance of the latter makes its appearance as 
minute droplets within the cytoplasm and no antecedent secre- 
tion substances have been observed. A somewhat similar 
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method of secretion has been observed in the kidney by Gur- 
witsch and others. In  other respects the secretion methods of 
the two organs,-choroid and kidney-are similar. In  both 
large amounts of fluid are secreted (excreted) with but relatively 
little changes in the cells concerned in the secretion. The latter 
differs from the former in that no foreign substances, such as 
injected indigocarmin, potassium ferrocyanide, iron-ammonium 
citrate, prussian blue, have been observed to pass through the 
choroid epithelium into the ventricles. Experiments were per- 
formed on dogs by Prof. 8. A. Matthews and myself in order to  
find some substance that, when injected into the blood, could be 
detected microchemically in the epithelium of the choroid. Our 
results will be published later. 

The action of the choroid cells may be compared also, to that 
of the endothelial cells of blood vessels in the formation of lymph, 
providing we accept the theory that physical processes alone- 
filtration, diffusion and osmosis, do not explain all the phenome- 
non of lymph secretion, but that  the endothelial cells are con- 
cerned in the secretion of lymph, in which case a large amount 
of fluid is produced without any distinct observable histological 
changes on the part of these endothelial cells engaged in lymph 
secretion. 

Meek found that with an  increase of cerebrospinal fluid fol- 
lowing muscarin injection, the epithelial cells had increased in 
height and certain clear spaces formed in the apical ends of the 
cells. His observations corroborated in a way the observations 
of Pettit arid Girard ('02). 

I have not confirmed, in the opossum, the observations of 
Meek in this respect, but my observations are limited to a few 
adult animals. One must presume that the choroid plexus has 
an autonomic innervation like the salivary glands, etc., in or- 
der to secure this phenomenon. I have not demonstrated to 
my own satisfaction, either by the silver method or by vital 
methylene blue staining, that the cells of the choroid plexus are 
innervated. 

I am inclined to  hold that the choroid plexus cells and their 
activity in the secretion of cerebro-spinal fluid belong to the 
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category of endothelial cells and cannot be compared to duct 
gland cells derived from epithelium. 

These may be 
in the form of mere indentations between the surface ends of the 
cells or a definite cleavage may be seen reaching to the basal 
end of the cell, where it frequently appears continuous with other 
canal-like structures which enter the deeper connective tissue 
walls (fig. 4). Occasionally the intercellular spmes are globular in 
outline. These observations do not agree with those of Meek 
and others, who hold that the epithelial cells are so closely ap- 
pressed that intercellular spaces do not normally occur and that 

Definite intercellular spaces are also observed. 

9. 
. I  

Fig. 4 Composite drawing of rells showing: a ,  intercellular canals; 1) and c ,  
Drawing somewhat dia- 

Tech.: Samc as 3. 
sub-rellular and intcrstitial c:tn:tls; d, blood vessel. 
grammatic., or.  10, ohj. 1.9 mm., oil immersion, B. & 1,. 

when they are seen: they are due to faulty technique. Stud- 
nicka ('OO), on the other hand, holds that these spaces are seen 
in the choroid plexus of the shark. 

Wliile I have not observed these intercellular and sub-cellular 
canals in living tissue, I am not convinced that they are always 
to be regarded as artifacts. The frequency with which they are 
seen, the variations observed in their outlines, point to the fact 
that they are normally present. The canals are frequently seen 
to continue as such in the connective tissue walls and apparently 
communicate with lymphatics. To maintain that they are nor- 
mally present does not seem inconsistent when one compares the 
choroid plexus with other serous endothelial cells. In  my 
opinion, these spaces can be readily compared to the stomata 
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described by v. Reklinghausen, Klein, Dogiel, and others be- 
tween the endothelial cells of the peritoneum and by Ludwig 
and Dybkowsky in the pleura. 

The silver precipitation methods were utilized in the study of 
these intercellular canals. A heavy black precipitation filling 
the entire epithelial cell occurs when the tissue is fixed in Kopsch’? 
fluid. Thus when viewed through the low power of the micro- 
scope, this deposit in all the surface cells forms a black border 
around the choroid tufts. Projecting from the basal margin of 
this black border (the epithelial cells) into the connective tissue 
are seen numerous canal-like deposits which suggest the inter- 
cellular and subcellular canals. However, further observat,ion ip 
essential before I can come to any definite conclusion in this 
psrticular. The very heavy deposit of silver within the cells 
makes the observations difficult and one is riot always sure as 
to whether he is dealing with definite tissue structures or with 
artefacts. 

Further investigation is essential before one can state just 
what the function of these intercellular canals is. When com- 
pared again with the generally accepted function of peritoneal 
stomata, i t  is suggested that these canals may be absorptive in 
character, that is, the cerebro-spinal fluid may pass back into the 
circulation through them. If such is true, the choroid plexus 
then may be regarded as both a secretory organ and an absorp- 
tion organ. On the other hand, the presence of the canals sug- 
gests another possibility, and that is, that  they may function 
directly in the production of cerebro-spinal fluid. Should we 
accept the mechanical theory of secretion, it would not be fan- 
tastical to  suppose that much of the fluid may be regarded as a 
transudate passing directly froin the connective tissue surrountl- 
ing the lymphatics and blood capillaries through these small 
sub- and inter-cellular canals directly into the ventricles, with- 
out passing through the epithelial cells. According to this hy- 
pothesis, the epithelial cells of the choroid plexus alone may not 
be concerned in the production of cerebro-spinal fluid. In  view 
of the fact that  large amounts of cerebro-spinal fluid may be 
secreted in a short time (200 to  300 cc. and possibly more in 24 
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hours in the human, Cushing '14), one might naturally expect to 
see more histological evidence of secretory activity on the part 
of the epithelial cells, providing these cells are solely concerned 
in the production of the fluid. Another observation that sug- 
gests this second hypothesis is that in the choroid plexus of the 
ox, numerous mast cells apparently pass directly from the blood 
vessels through the connective tissue wall and between the 
epithelial cells into the ventricles. 

Against this view that the cerebro-spinal fluid may be regarded 
in part as a transudate is the fact that it differs from lymph, 

Fig 5 Mitochondria in thc cpithelial cclls. Draxing, oc. 10, obj. 1.9 mrn., 
Tech. : Bcnsley's acetic osmic bichromate 011 immersion, projcction apparatui. 

solution, anilin fuchsin mcthyl grren. 

plasma, tissue juices and serous cavity fluids in the relative 
amounts of protein substance. Cerebro-spinal fluid is almost 
free from protein, while the other fluids contain much more. 

That the choroid plexus is responsible for the formation of 
cerebro-spinal fluid was suggested by Faivre a long time ago. 
Luschka, a little later, agreed with him, and practically all ob- 
servers since, including Pettit and Girard, Studnjcka, Galeotti 
('97), Carazzani, Meek, Mott ( , lo),  Goldmann ('13) and Cush- 
ing, regard this structure as fundamental in the secretion of 
cerebro-spinal fluid. Cushing saw drops of the fluid exuding 
from this tissue. Goldman noted the extrusion of glycogen in 
the form of globules from the cells. Weed, in connection with 
others, suggests a dual origin of cerebro-spinal fluid-from the 
choroid plexus and from the perivascular systems of the nervous 
tissue. 

RAVI
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Certainly much more work must still be done in order to solve 
the method of secretion which takes place in the choroid plexus. 

When the tissue is prepared by Bensley’s acetic osmic bichro- 
mate, anilin fuchsin, Methyl green method, the epithelial cells 
show numerous mitochondria. These are in the form of very 
short bacillus-like rods and tend in a way to arrange themselves 
in irregular rows, reaching from the base of the cell to the sum- 
mit. Of course these rows are by no nieans so definite and 
clean cut as I (’16) have observed in the duct cells of the lachry- 
mal glands (fig. 5). In  the vacuolated cells, the mitochondria 
are seen in the cytoplasmic reticulum between the vacuoles. 

INTERSTITIAL GRANULAR CET,T,S 

This type of cell is characterized by the presence of numerous 
large granules which completely fill the cell. The nucleus is as 
a rule completely obscured by these granules which simulate in 
form and staining characteristics the secretion granules of gland 
cells. 

These granular interstitial cells were found to be present with- 
out exception in the choroid plexus of the ox, but varied in num- 
ber with different animals. In  some, they were especially num- 
erous, while in others only a few were found. Between these two 
extremes there was every gradation. In  the sheep and swine 
they are not so numerous. In  the choroid plexus of other ani- 
mals examined-rabbit, guinea pig, dog, and human-these cells 
have not been observed. 

The following description of the interstitial granule cells will 
be confined to those observed in the choroid plexus of the ox. 
The cells vary in size and shape. The average size is 20 micra. 
The majority are more or less spherical or oval in outline. Many, 
however, are angular, others arc elongated or irregular and pos- 
sess processes extending from the cells. They are situated in 
the connective tissue walls of the vascular tufts between the 
vessels’ lumina and the surface epithelium. In  some fields (low 
power microscope), as many as 30 of these cells have been 
counted (figs. 6, 7, and 8). 
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The thickest connective tissue walls, those surrounding the 
arteries, contain the largest number of these cells, which are 
found at varying distances from the lumina of the vessels. 
Some are seen in close contact with the endothelial cells of the 
vessels and in some instances, processes of the granular intersti- 

Fig. 6 Stroma of choroid plexus of ox. The numerous interstitial granular 
cells-mast cells-are deeply stained. Microphotograph, oc. 10, obj. 4 mm. 
B. & L. Terh. : Same as 3. 

tial cells are seen to project between two endothelial cells into 
the lumen. The other extreme is seen where processes of these 
cells lying directly under the epithelial layer of the choroid plexus 
project upward between two epithelial cells into the ventricle. 
Between these two extremes the granule cells are seen in the con- 
nective tissue at different levels. None of these cells have been 
observed lying free either within the vessel lumina or on the 
ventricular surface of the choroid plexus. 



234 ,I OHN S U N D W A I L  

Fig. 7 Interstitial granular cells-mast cells-in the connective tissue wall. 
a ,  Surface epithelium; b ,  The deeply stained interstitial granular cells-mast 
cells-are sccn at varying distances from the lumina of vessels. Some are 
directly underneath the epithelium with proccsses projecting between the 
epithelial cells. Others are seen directly underneath the endotlielium of 
vessels; c ,  artery. Drawing, oc. 10, obj. 16 mm., B. & L. projection apparatus. 
Tech. : Bensley’s alcohol hichloride hichromate solution, Unna’s polychrome 
methylene hluc 

Fig. 8 Four selected interstitial granular cells-mast cells-showing varia- 
tion in form. Drawing, oc. 10, obj. lBmm., B. & L. projection apparatus. Tech.: 
Same as 7. 
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The cells are readily seen in both fresh tissue mounted in 
serum or salt solution and in fixed preparations. Bensley’s so- 
lution-equal parts of (a) saturated solution of mercuric chloride 
in 95 per cent alcohol and (b) 2.5 per cent aqueous solution of 
potassium bichromate-proved to be the most satisfactory fixing 
solution for the granular cells. They are fairly well fixed in alco. 
hol. Fluids containing much acid destroy t8he granules, conse- 
quently Zenker’s solution cannot be used. In  Bensley’s acetic 
osmic bichromate solution, the granules are only partially con- 
served. This fact, however, proves of great value because then 
the other constituents of the ccll can be made out,-nucleus 
and intergranular substance. 

The stains first utilized for the study of these cells were Bens- 
ley’s neutral gentian and neutral safranin. The granules in these 
dyes stain deeply and hold on to the stain with much tenacity. 
Even after the section as a whole has been differentiated in alco- 
hol-clove oil to the extent that practically all the stain has been 
removed, the granule cells remain deeply stained. ,4nd so num- 
erous are these grsnules within the cell, as a rule, that t,he entire 
cell appears as one deeply stained mass. I t  is only d t e r  ex- 
tended differentiation or in the processes of the elongated cells 
that  the individual granules can be made out. 

In  these stains the nuclei in most cells are completely obscured 
by the deeply stained granules. Only in those cells where the 
knife has passed through the nucleus or in the smaller cells where 
only few granules are seen around the nucleus is the latter seen. 
It occupies a central position. It is oval in outline and vesicu- 
lar,-thus staining faintly. Only a small amount of chromatin is 
present which is distributed throughout the nucleus appearing as 
fine irregular clumps. No nucleolus is observed. When these 
nuclei are seen through the low power of the microscope they 
appear as transparent or faintly opaque areas in the center 
of the cells surrounded by the deeply stained granules (fig. 9, a). 

The presence of so many of these large round or oval mono- 
nuclew cells possessing numerous granules which simulate, both 
in size and staining characteristics, secretion granules suggested 
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at first the possibility of the choroid plexus containing some 
type of endocrinous gland (fig. 6). 

Extracts of the choroid plexus were made in the usual manner 
and injected intravenously into a dog. Outside of the usual 
depressor reaction,-a frequent phenomenon accompanying in- 
jections of animal tissues,-no specific or particular reaction was 
observed. Dixon and Halliburton ('13) on the other hand claim 
that choroid extract when injected intravenously jncrease mark- 
edly the flow of cerebrmspinal fluid. Our observations, how- 

a 

b 

Fig. 9 a ,  Interstitial granular cell, in which the large basophilic granules 
The mono-nuclrar character of the cell is clearly seen. 

b, Broken mast cells, the 
Drawings, oc. 10, obj. 1.9 mm., oil immer- 

are not conserved. 
Note the fine intergranular network of cytoplasm. 
granules of which are fuchsinophilic. 
sion, B. & L. Tech.: Same as 5.  

ever, were confined only to one experiment and consequently 
will not warrant any conclusion on this phase of the subject. 

The probability that these interstitial granular cells are mast 
cells early suggested itself, especially after other stains had been 
used. However, I have not seen them so constantly and 
prominently present in any other tissue. Their presence in such 
large numbers may suggest that  they have some function other 
than that generally ascribed to mast cells. However, our knowl- 
edge of the nature and function of mast cells is very superficial. 
Numerous theories have been advanced regarding the r81e they 
play in a.nima1 life. Many hold that they are in a way unicellu- 
lar glands concerned in some type of secretion. If such be the 
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case, one may still regard these interstitial granular cells of the 
choroid plexus as having some unknown secretory function. A t  
any rate, it was later determined that they possess the same mor- 
phological and staining characteristics as the so-called ‘his- 
tiogenen Mastzellen’ of Ehrlich and others. In view of these 
facts, the interstitial granular cells of the choroid may be re- 
garded, for the present, at least, as belonging to this category, 
although their particular function here is unknown. 

Since Waldeyer (’75) first described a particular group of con- 
nective tissue cells possessing granules, to which the term ‘plasma 
celle’ was applied, and later Ehrlich (’77) and his assistant West- 
phal (’80) recognized a still more limited group whose large 
granules showed a strong affinity for basic dyes and to which the 
term ‘mast cells’ was applied, much interest has been shown in 
these interstitial granular cells. 

In the literature on this subject, mast cells are generally de- 
scribed as interstitial cells more or less round in contour, the 
cytoplasm of which is made up of large granules which have a 
marked affinity for basic stains, Mallory (’14), Schafer (’la), 
Rauber Kopsch (’06). Most authors fail to differentiate be- 
tween the two types first recognized by Ehrlich m d  Westphal, 
who referred to them as ‘mastleucocyten’ and ‘Histogenen mast- 
zellen.’ Some writers describe the former and some the latter, 
when a definition of mast cells is made. 

Regarding the two types, Prenant, Bouin, Maillard (’04) state: 
“Les cellules A grmulations basophiles du sang sont les m6mes 
que les cellules nutritives que nous retrouverons dans les tissu 
conjonctif sous le nom de Mastxellen ou cellules-engrais.” The 
two cell types were recognized by Pappenheim (’01) who dis- 
cusses the origin of each, and by Maximow (’06) who states that 
the relation of the two types is not clear. 

The distribution of mast cells, according to many investiga- 
tors, is wide. This is true not only of the distribution in the 
individual, but also throughout the various orders of animal 
life. They have been described both in invertebrates, such as 
the cellules mucoides, described by Guenot in ‘ Gastropodes 
Pulmones’ and in every order of vertebrates. It was the opin- 
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ion of esrly investigators that mast cells were found in the 
latter only in batrachians, where in the Urodeles they were seen 
in enormous numbers. Now it is generally conceded that they 
are found in all vertebrates. They have been described in 
triton, frcg, turtle, rabbit, calf, man, and in fact, all species of 
vertebrates. 

In  the individual body they are distributed as follows: In  the 
blood-basophilic leucocytes ; connective tissuemast cells have been 
described in the connective tissue leLyers of the skin and mucous 
membrane. They are numerous in the tongue, in the septa of 
various glands, in the lungs. Arnold ('14) found that imst  cells 
are greatly increased in numbers in the frog's tongue after in- 
duced passive congestion. Muncheinier ('95) saw them in the 
testes of horse, rat and pig. He failed to note them in these 
organs of the deer, sheep, dog and rabbit. Korybutt Daskie- 
\+iici: ('78) describes them along the nerve fibers in the frog. 
McKibben ('14) states that they may readily be mistaken for 
ncrvc cells as observed in the nasal region and meninges of nec- 
turus. They are found in bone marrow, adipose tissue, along 
blood vessels, in newly formed connective tissue. These mast 
cells make their appearance early in embryonic life. They 
have been observed in the %day chick and in early calf embryos. 
These cells are much m ~ r z  clearly seen, 9s a rule, in the embryo 
than in later life. 

I have failed to observe in the literature on this subject refer- 
ence to these large, prominent interstitial granular cells-mast 
cells-in the choroid plexus of the larger mammals. Haeckel 
('59) refers to certain interstitial cells in the choroid plexus of 
embryonal mouse and dog, which, ttccording to himi are similar 
to those seen by Schultze ('56) in the gelatinous connective tissue 
of tunicates and medusae. Haeckel considers these wandering 
cells and, according to him, they are filled with minute globules 
of fat. 

I have stained the choroid plexus of the ox with a view of 
determining the presence of fat in the mast cells. Sudan 111, 
Scharlach Rot-in alcohol or as Herxheimer's stain, and the 
Nile blues were used. So fzr, I have failed to demonstrate the 
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constant or prominent, presence of fa t  in these mast cells. Only 
rarely me fat droplets seen. Hence the mast cells in the choroid 
plexus of the ox differ from those cells described by Haeckel. 
They are also different from the other mast cells of the con- 
nective tissue type in which fat and lipoid substance have been 
found, as claimed by Pappenheim, Posner, Lombard0 and 
others. Huguenin ('12) saw numerous lipoid granules in mast 
cells in a ewe cif status lymphaticus. According to Ciaccio ('13), 
lipoid and fat are found in these cells only under pathological 
conditions. Flemming ('71, '76, '79) and Hammar ('95) were 
of the opinion that fat was not deposited in mast cells. Cer- 
tainly fat is not demonstrable as a constant constituent of the 
mast cells of the choroid plexus. 

One of the first stains used in the 
study of these cells was muchaematein, in which the granules 
stained a deep blue. No other elements in the tissue were 
stained. The presence of so many round or oval cells specifically 
stained in muchaematein or mucicarniin was another factor that  
suggested a glandular secretion phase to these interstitial cells. 
Of course, the presence of mucin naturally suggested itself. I 
('16) have shown, however, that  secretion granules-lachrymal 
gland-do stain specifically in these mucin stains, although we 
have no evidence that mucin is secreted by the lachrymal gland. 
Others have observed that the granules in mast cells are stained 
with mucous stain. Raudnitz ('83) held that because of this 
reaction, the granules represent a stage in mucinous degeneration 
of the ceil. Hoyer ('90) held that the granules were of a mucin- 
ous nature. Schaffer concludes that as the mast cells take the 
szme stain as  do cartilage cells, the former contain a chondroitin 
sulphuric acid substance. On the other hand, Pappenheim, 
Schwenter, Trachsler and others held that t,he granules of mast 
cells have no relation to mucin. Ehrlich observed that the 
granules of mast cells are much more resistant to  water than are 
mucous granules. 

An interesting phenomenon in the study of muchaeniatein 
stained mast cells is the variability in the intensity of the stain- 
ing reaction of the granules. Some cells take the stain much 

Reaction to mucin stains. 
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more deeply than do others. One frequently secures choroid 
plexus in which the cells as a whole stain much more quickly and 
deeply than do the similar cells in other choroid tissue. This 
variety in intensity of staining with muchaematein may repre- 
sent various stages in the formation of granules. KO other ele- 
ments in the cell are stained. Preparations according to this 
method are of great value in the study of the individual gran- 
ules. These are seen to fill the entire cell and where processes 
are present, the granules extend into them to the very ends of 
the processes. 

Reaction to basic stains. When stained in methylene blue, 
toludin blue, methyl green, etc., the granules are deeply stained. 
They hold these stairis with such tenacity that when the sec- 
tions are differentiated in alcohol, practically all the stain may 
be removed from the section before there is any perceptable loss 
of stain from the granules. The nucleus, when seen a t  all, occu- 
pies a central position in the cell and appears as an opaque or 
semitrarislucent structure. 

The gran- 
ules do not retain these stains after differentiation. In fa,&, the 
mast cells are among the first of the struct,ures to give up the 
stain during the process of differentiation. The granules of the 
mast cells differ in this respect from secretion granules of many 
serous cells. The latter retain both stains deeply after practi- 
cally all the iron and copper reactions have been removed from 
the section as a result of the differentiation. 

Polychrome methylme blue stain. Here the graiiules stain 
metacromatically-a deep violet, while the remainder of the 
choroid tissue in general is only very faintly stained. The epi- 
thelial layer is tinged green. Here, as observed in other stains, 
the granules in the mast cells are so densely stained that the entire 
cell appears as a dark violet mass simulating an artefact. Pro- 
longed differentiation in alcohol reveals the characteristics of the 
individual granules, especially in those cells where the granules 
are not so numerous. In many cells a translucent central area 
is observed which marks the position of the unstained nucleus. 

They m r y  in size. 

I ron  haematoxylin and copper haematozylin stains. 
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In  this fixation (Bensley's) and stain, the nucleus is never defi- 
nitely seen because of the numerous granules that obscure it. 

The granules are not so well conserved in 
70 per cent alcohol, although according to many observers, alco- 
hol is one of the best fixat)ives for mast cells. This method of 
fixation, however, has its value, as the nuclei of the cells are 
plainly seen, owing to the fact that the granules are not well pre- 
served. The nucleus is stained green iPolychrorrie methylene 
blue). No 
nucleolus is present, as  was also observed by Dantchakoff ('98), 
who states that  no nucleolus is present in the nucleus of mast 
cells. Variable sized Chromatin granules are present. As a 
rule one to four or five large chromatin masses, one to two niicra 
in diameter, are seen in each cell. Interspersed among these 
chromatin granules is the fine chromatin dust,. The chromatin is 
only sparsely present, which accounts for the vesicular appear- 
ance of the nucleus. The granules of the mast cells are almost 
totally destroyed when fixed in Bensley's acetic osmic bichro- 
mate solution. Here the nucleus can be readily observed. I 
was unable to deliionstrate the presence of mitochondria in these 
affected cells after fixing in the above solution and staining with 
anilin acid fuchsin, methyl green. Occasionally, however, mast 
cell granules were seen which, instead of being stained green by 
the methyl green, were stained deeply red by the fuchsin 
(fig. 9, 6 ) .  

When the tissue is prepared according to the method utilized 
by Cowdry ('16) and Scott ('16) for study of mitochondria, the 
granules of the mast cells are well preserved and are stained 
deeply green in contrast to  the red stained mitochondria so 
abundantly present in the surface epithelium. I did not ob- 
serve mitochondria within the mast cells. Had any of these 
minute fuchsinophilic granules been present, they should have 
been observed readily in contrast to the deep green stained mast 
cell granules. This observation is corroborated later on in the 
vital stains. 

AZcohoE fifixation. 

It is very vesicular and is as a rule oval in outline. 
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VITAL STAINING 

Choroid tissue was obtained by gently separating the plexus 
from its attachment in the ventricle immediately after the mi-  
ma1 was slaughtered. Small bits of the choroid were then placed 
in the following solutions: Neutral red, one part in 15,000 of 
isotonic salt solution; new methylene blue, one p w t  in 10,000 
of isotonic salt solution; janus green, Metz, 1 to 15,000; poly- 
chrome methylerie blue, Unn?, 1 to 15,000: and pyronin, 1 to 
1,000. Small pieces were removed from each of these solutions, 
mounted in the respective solutions and studied under the 
microscope. The remaining tissues were fixed in ammonium 
molybdate solution. The following observations were rnade : 

Neutral red stain. The choroid plexus is rapidly stained with 
this dye. Macroscopically, the entire tissue is stained deeply 
red. Microscopic examination reveals the following characteris- 
tics: The surface epithelium is stained deeply red, the stain is 
confined to the cytoplasm and is diffuse throughout. The 
numerous, minute, highly refractive granules which were ob- 
served in fresh, unstained tissue, stand out prominently in the 
diffusely red stained cytoplasm. The nucleus which is unstained 
is spherical 2nd occupies a central position in the cell. 

Numerous mast cells are seen, the granules of which stain rap- 
idly and deeply red. The large oval nuclei of the mast cells 
remain unaffected by the stain. As a rule, they are much more 
readily seen in this preparation than in the permanent prepara- 
tions. Contrary to the observations of Arnold, I noted some 
activity on the part of these mast cells when mounted in serum 
and enclosed within a stage incubator. One cell was seen to 
completely divide M ithin the period of one and one-half hours. 
This particular cell, which was oval in outline at first, was seen 
to elongate itself by processes extending from both ends (fig. 10). 
The formation of new granules in the processes was concurrent 
with the development of the processes. With the elongation of 
the cell, a constriction occurred in its central portion, which con- 
tinued until the cell was completely divided, and with the divis- 
ion of the cell, nuclei appeased in both halves. Of course it was 
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impossible to observe in this stain the method of nuclear di- 
vision. Arnold saw no changes in the form and position of 
mast cells within a period of from twenty-four to thirty-six 
hours. Kanthack and Hardy held that the ‘Histiogenen’ mast 
cells are stationary. While Lowenthal, Maximow, Pappenheim 
and Weidenrich ascribed t o  them an amoeboid movement. 
Maxiinow saw alterations in the form of mast cells in inflam- 
matory tissue. 

In numerous other cells, processes were observed to extend out 
from the cell bodies and to work themselves between the con- 

C d e a b 

Fig. 10 Outline of changes observed in a living interstitial granule cell- 
mast cell-during division, The time required was one hour and fifty-five min- 
utes. Drawing, 
oc. 1-, obj. 1.9 mm., oil immersion, B. & L. Tech. : Fresh choroid tissue mounted 
in serum, vital staining with neutral red, electric incubator for microscopic stage, 
temperature, 98.5”. 

a,  4.35p.m.; b, 5.05p.m., c ,  5.50p.m., d, 6.10p.m., e ,  6.30 p.m. 

nective tissue elements. Some of the processes developed within 
one-half hour. The development of the processes was charac- 
terized, as a rule, by a continuous out-flowing of granules from 
the cell body. Granules were seen, however, to develop in the 
processes some distance from other granules, thus apparently 
having their origin directly from homogeneous cytoplasm. In 
attempting to determine the origin of these granules, I have 
come to no conclusion. In many instances the granules ap- 
peared to divide. However, as noted, granules seemed to 
make their appearance directly from homogeneous cytoplasm. 
Many observers hold that the granules are derived from the 
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nucleus. Downey states that the chromatic substance comes 
from the nucleus, through its wall, and then comes in contact 
with the primary granules of the cytoplasm, after which the 
basic and metachromatic staining of the granules follow. My 
observations show that the granules may form in the processes 
some distance from the nucleus. Just what relation they bear 
to the nucleus is impossible to state. The fact that they take 
the nuclear stain is responsible for the assertions that they have 
a nuclear origin. 

Here the epithelial cells are char- 
acterized, when viewed from the surface, by relatively thick 
unstained cell boundaries which mark the polyhedral cell bound- 
aries. The unstained spherical nuclei occupy the central por- 
tion of the cells. These are surrounded by unstained cytoplasm 
with highly unstained refractile granules. The nuclei, however, 
begin to stain early in this dye, thus indicating the toxic effect 
of the stain. 

The granules of the mast cells rapidly stain metachromatically 
and the nuclei, as in the case of neutral red, are unstained. 
Later they begin to stain, as in the case of the epithelial cells. 

After the tissue has been in this solution for a 
few moments the connective tissue elements are stained, under 
macroscopic observation, metachromatically a pinkish violet or 
purple, while the epithelial cells are stained blue. When the 
tissue is studied by means of the oil emersion, it is seen that the 
mitochrondria of the epithelial cells are deeply stained blue, 
while the other elements of the cell are unstained. The mito- 
chondria are numerous and show the same characteristics in 
both structure and distribution as observed in fixed preparations. 
A narrow, definite zone of homogeneous, unstained Cytoplasm 
immediately surrounds the nucleus, in which no mitochondria are 
seen. This frequently gives to the nucleus a double contour 
appearance. 

The mitochondria in the epithelial cells of the choroid plexus 
are indeed numerous. They are found in such great numbers 
that under low power the cytoplasm appears to be a solid blue 
throughout. I t  is only under the oil immersion that, the minute 

Polychrome methylene blue. 

Janus green. 
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individual granules are observed. These granules vary in form. 
Some are spherical, others are slightly elongated, either slender or 
thick, others again are cornma shaped. In  no instance are long 
rods seen. It is, the mitochondrial granules that are seen as the 
minute, highly refractive granules in fresh tissue, as well as in 
the various other vital stains used, where they remain unstained. 
In  the jams green solution all the granular elements of the epithe- 
lial cells are stained blue. It is my opinion that the granules 
that have been described by previous investigators as secretion 
granules are in reality mitochrondria. 

Only rarely does 
one see granules stained with janus green. Frequently one ob- 
servers a fine, intergranular deposit of blue stain between the 
granules of the mast cells. I was unable, however, to make out 
definite mitochrondria in this deposit. 

When both neutral red and 
janus green, mixed, are applied t o  fresh choroid tissue a very 
interesting picture results. The epithelial cells are deeply 
stained blue owing to the numerous mitochondria they possess. 
On the other hand, the mast cells are stained deeply red as a 
consequence of the affinity between the granules and neutral 
red. Careful exaniination of numerous mast cells did not re- 
veal the presence of blue stained intergranular mitochondria. 
In fsct, the complete absence of the latter was the striking arid 
surprising feature, in view of the claims of Arnold and Dubreul 
that mitochondria are found in mast cells. Tochaschin (’12) 
reports staining of true mitochondrial elements in fibroblasts 
and ClasmatocyteP by isamine blue and trypan blue. In  this 
preparation, when enclosed within a warming stage, I observed 
processes projecting themselves outwards from cells in which 
granules concurrently appeared but no mitochondria were ob- 
served. This observation is against the view that some have 
held-namely, that  the granules of mast cells have their origin 
from mitochondria. These observations confirm those already 
described for the fixed preparations. 

Methylene blue. Two preparations of this stain were used. 
Methylene blue rect. Griiber’s, and Methylene blue, Metz. 

The mast cells are unaffected in this dye. 

iyeutral red and ,Tanus green. 
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The former stained both the epithelial cells and the granules of 
the mast cells a deep blue. In  the latter stain the granules of 
the mast cells are stained metachromatically a reddish violet. 
In  neither preparation were nerve cells and fibers observed ac- 
companying the blood vessels. However, claims have been made 
that numerous non-medullated nerves are seen in the vascular 
walls of the choroid plexus. 

Pyronin. The epithelial cells are stained deeply red. The 
stain is diffuse and cnnfined to the cytoplasm in which the highly 
refractile, unstained mitochondria1 granules are observed. The 
mast cells are not stained. No diffwe stain was seen surrounding 
the mast cells. This observation was made with a view of de- 
termining if a secretion substance is present which had been 
emitted from mast cells as a consequence of solution of the 
granules. Arnold obtained a red stained substance surrounding 
mast cells after vital staining with weak solution of methylene 
blue. This he interprets as a secretion, thus ascribing to mast 
cells a glandular function. Others have claimed that the gran- 
ules of mast cells, especially leucocytes, go into solution. I was 
not able to  verify this observation of Arnold, either in the 
pyronin or methylene blue sta,ins. 

NATURE AND ORIGIN OF &LIBST CELLS 

Many theories have been advanced respecting the histiogene- 
sis of mast cells. Lymphocytes, mononuclear leucocytes, baso- 
philic myleocytes and bone marrow (Schridde, '96) are generally 
cited 'as giving origin to mast-leucocites. That mast-leuco- 
cytes have a common origin along with other polymorpho- 
iiuclear leucocytes is probable. 

No unanimity of opinion exists, however, regarding connect;ve 
tissue mast cells ('histiogenen mast-zellen') . That they have 
origin from mast-leucocytes and consequently from the same 
sources as the latter is he'd by many observers. Prenant, Bouin 
and Maillard regard the two as belonging to the same category. 
Ranvier ('00) held that his clasmocytes were mast cells, that 
they had origin from blood cells and that they were associated 
with inflammatory changes. Schreiber and Neuman ('01) 
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agreed with Ranvier that clasmocytes and mast cells belong 
to the same type. Maximow states that the relation of the 
two-mast-leucocytes and histiogenen mastzellen-is not clear. 
Ehrlich held that the connective tissue mast cell is a transformed 
or supernourished connective tissue cell, that the granules of the 
latter are stored albuminous substance, and that the cells are 
found where tissue juices are present in abundance. Baumer 
('96) agreed with this conception. That the cells held a reserve 
substance was also claimed by Schneider ('02). Ballowitz ('96) 
found them to be especially numerous in hibernating animals. 
Others again hold that these mast cells are related to the forma- 
tion of fat, as they are frequently seen in adipose tissue. 

Unna ('91) saw the transformation of certain spindle or ellip- 
soidal cells into mast ce!ls in healing syphilitic ulcers. Mast 
cells are frequently found under pathological conditions, such as 
in low-grade inflammations, urticaria pigmentosa, erythema 
multiforme, pleuritic exudates, etc. Joachim ('06) and Spilling 
described mast cell leukemias. 

Some have made the claim that mast cells are not normally 
present in human blood. Michaelis ('02), Wolff ('02) and many 
others have found them to  be normally present. Audry ('96) 
claims that connective tissue cells, large mononuclear cells, wan- 
dering cells and plasma cells may become mast cells. That 
these cells may have their origin from blood cells and vascular 
anlage was held by Marchand ('97). 

Recently much attention has been given to discussions of the 
origin of vascular endothelium and blood cells. That the former 
may develop directly from the mesenchyme is claimed by Mc- 
Clure ('16), Reagan, Clarke ('16), Danchakoff ('16) and others. 
Clarke ('la) on the other hand maintains that lymphatic endo- 
thelium is formed from preexisting lymphatic endothelium and 
that the mesenchyme retains throughout its identity as a mes- 
enchymal cell. That red blood cells develop directly from endo- 
thelium (even when discontinuous and independent of the cir- 
culation, Reagan) has been shown by the works of Reagan ('16)' 
Danchakoff ('16), Emmill ('16) and Jordan ('16). These 
observations are more or less at  variance with the Angioblast 
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theory of His. Stockard (’15), on the other hand, did not 
observe in the embryo of the Teleost, Fundulus heteroclitus, any 
indications “that  an endothelial cell has the power to produce a 
blood cell or to change into a blood cell of any type but much 
has been seen to the contrary.” According to him, the “four 
distinctly different products differentiating from the apparently 
similar wandering mesenchyrnal cells” occur under the same 
environmental condition. His explanation of this phenomenon 
is that the original mesenchymal cells that wandered out were 
of four potentially different classes. “The four resulting types 
of cells are then in an embryological sense derived from differ- 
ent rnesenchymal anlagen,” although these cannot be diff eren- 
tiated. The term polyphyletic theory has been applied to this 
conception. Against this theory is the so-called rnonophyletic 
theory which is ably defended by Danchakoff and Reagan. In 
substance it is this: There is one common anlage for all blood 
cells, the later differentiation into the various types of blood 
cells is determined by environmental conditions. 

To review the arguments favoring each theory would be irrele- 
vant in this discussion. Danchakoff, after extensive observa- 
tions on both the embryo and adult chicken concludes that all 
blood cells including mast cells, plasma cells and wandering 
cells have origin from a common anlage,-mesenchymal cells-and 
that this loose mesenchyme of a chick embryo (6-10 days) is 
equivalent in all the regions of localization and is polyvalent in 
its potencies of development. Further, Danchakoff found in the 
lymphatic nodes scattered in the loose connective tissue of the 
adult hen a loose syncytium which is considered as young un- 
differentiated tissue. From these loose syncytial cells amoeboid 
cells develop and these are the stem cells, or mother cells, of the 
various formed blood elements. Regarding the r61e that the 
stem cells play in the production of various blood cells and wan- 
dering cells, Danchakoff (’16) states: 

The erythrocytes, the small lymphocytes, the different leucocytes, 
t,lie wandering cells of the connective tissue, the mast cells and the 
plasma cells-all thcse cells are different cell units, morphologically as 
well as physiologically. Rut in the early embryonic stages they all had 
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a common mother cell, and this mother cell is preserved in the adult 
organism and becomes the source of differentiation and regeneration 
and most probably also the source of pathological proliferation. 

Many diverse opinions have been held regarding the nature of 
the granules of mast cells. Some have regarded them as albu- 
minous in nature, while some regard them as mucinous. That 
they are associated with pathological changes in the cell and are 
products of inflammation or degeneration has been maintained 
by others. Stoffer held that they were related to  the production 
of melanotic pigment. Pappenheim did not regard these gran- 
ules as living,-(biophoren P1asmosomen’-but a ‘substans 
depot.’ He bases this view upon his observation that the gran- 
ules can be extruded from the cell without loosing their staining 
characteristics. Arnold, however, strongly maintains that mast 
cells are not to  be regarded as cells in various stages of degenera- 
tion, but that they are active living normal cells. According to 
him, the presence of glycogen, fat, lipoids, pigment and mito- 
chondria is sufficient evidence of this. Others hold that the 
mast cell granules are secretory in nature and consequently the 
cell is to  be regarded as a unicellular gland. The chemical 
structure of the granules is unknown. According to many ob- 
servers, they have their origin from the nucleus,-Weidenrich 
(’ll), Downey (’13) and others. Arnold holde that they are 
related to mitochondria. Other substances found in mast cells, 
according to various investigator?, are glycogen, fat, and 
pigments. 

Many of the theories respecting the function of m a d  cells have 
been suggested in the two preceding paragraphs. In  addition to 
these, Fahr has held that they exert a bactericidal or antitoxic 
action. That the cells are to be regarded as unicellular glands is 
an interesting conception. This view was held by Lavdowsky, 
Colleya and others, who claim that the granules become disinte- 
grated, go into solution, and pass out of the cell to become mixed 
with the tissue juices, thereby contributing to the nourishment of 
the latter. 
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DISCUSSIOIV AND CONCLUSIONS 

The chief purpose of this paper is to call attention to the nu- 
merous interstitial granule cells in the choroid plexus of the ox, 
which possess the morphological and staining characteristics of 
mast cells of the ' histiogenen' or connective t i sue  type. Owing 
to the unavailableness of the ox, or the other mammals in which 
these cells were found in fewer numbers, for experimental pur- 
poses, there are many problems respecting these cells which re- 
main unsolved for the present. One is almost constrained to 
believe that their origin is from the blood, for in sections they are 
seen first beneath the endothelial layer of the arterioles with 
processes extending into the lumina; then in the walls of the 
blood vessels at  varying distances from the lumina, and finally 
beneath the epithelial layer of the choroid plexus with processes 
projecting between the epithelial cells into the ventricles. The 
entire picture suggests that the cells are trave ing from the blood 
vessels to the ventricles. The fact that they are seen in such 
variable numbers in different choroid plexuses strongly suggests 
this view. However, I have repeatedly attempted to find these 
cells in both the blood and cerebro-spinal fluid without success. 
It was my custom to draw off with a glass tube and rubber bulb 
from the ventricles, cerebro-spinal fluid whenever the oppor- 
tunity presented itself. hbout 5 cc. of fluid can be obtained in 
this way from the ventricles. Of course, there is some admixture 
of blood with this fluid, owing to the customary methods of 
slaughtering these animals. The fluid was then centrifugalized. 

I have been unable to  confirm that these granular cells regu- 
larly pass from blood vessels lo the ventricles, although perma- 
nent preparations strongly suggest such an activity. Further, I 
have not observed mast cells passing from blood vessels in living 
tissue when mounted in serum. 

My observations so far do not disprove the hypothesis of Ehr- 
lich that they are highly or over-nourished connective tissue 
cells. It is feasible to assume that they are wandering cells, or a 
special type of connective tissue cell that have become granular 
as a consequence of their migration through the connective tissue 
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wall of the choroid plexus. That they may originate entirely 
within the connective tissue wall is suggested in view of the fact 
that they were seen to undergo cell division. Certainly there is 
a large amount of cell nourishing substance-cerebro-spinal 
fluid-passing along the course of these cells from the blood 
vessels to the ventricles. 

Should we accept Ehrlich’s conception, the mast cell cannot 
be regarded as a specific cell, but rather as a condition of a 
more or less general type of connective tissue cell. Against this 
theory, however, is the fact that the formation of granules occurs 
simultaneously with the development of processes and that in 
cell division the granules are abundantly seen in the two daughter 
cells during the process of division. 

That they are not specifically related to fat formation in the 
choroid plexus seems certain, for fat is found in this tissue only 
in very minute quantities. 

The cells are in no way related to any demonstrable pathologi- 
cal conditions. Hence the assumption that they represent ab- 
normal processes is untenable. Likewise, they cannot be con- 
sidered as related to the formation of pigment. 

That the cells are concerned in some endocrinous seeretion 
early suggested itself. Their presence in such constant and 
large numbers, their structure and staining characteristics, which 
in many respects resemble that of other gland cells, might indi- 
cate this. It was not until basic stains were used and the cells 
were seen to stain metachromatically with polychrome methylene 
blue that they were placed in the category of mast cells. Not- 
withstanding this fact, they may be concerned in some type of 
secretion. Many observers still regard mast cells as having a 
secretory function. Against this view of the secretory function 
of these cells may be advanced the fact that  they are found 
only in a few mammals-in the ox, in great abundance, less 
numerously in the sheep, and only sparsely in swine. Further, 
no demonstrable physiological action was obtained after injec- 
tion of ox choroid extract into the dog. I was unable to demon- 
strate a pericellular secretion substance, as observed by Arnold. 
Proof is still wanting that these cells are concerned in the secre- 
tion of some specific substance. 
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The apparent migration of these cells through the choroid 
plexus from the blood vessels to ventricles and the presence of 
inter- and sub-cellular canaliculi suggest that the cerebro-spinal 
fluid, at least in part, may follow such a course and consequently 
be independent, to some degree at least, of the surface epithelial 
cells. 

The chief value of this paper is to point out that the choroid 
plexus of the ox offers excellent facilities for teaching and study 
of mast cells. 
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